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Abstract (English) 
Introduction and background: Sarcopenia was originally defined as the age-related 
loss of muscle mass. In addition to primary, or age-related sarcopenia, secondary 
sarcopenia describes muscle depletion due to physical inactivity, inadequate nutrition 
or disease. Therefore, particularly older patients with chronic disease, for example 
cancer, are at an increased risk of developing sarcopenia. In addition to the 
physiological age-related changes, older patients with cancer are burdened by the 
physical and metabolic effects of the cancer disease itself as well as its treatment. Loss 
of muscle mass leads to functional impairment, reduced quality of life and poor clinical 
outcome. This study aimed to assess the prevalence of sarcopenia in older patients 
with cancer and its impact on 1-year mortality. 
Methods: Sarcopenia was defined as suggested by the European Working Group on 
Sarcopenia in Older People (EWGSOP) as low skeletal muscle mass index and muscle 
strength assessed by bioelectric impedance analysis and isometric hand grip strength, 
respectively. Information on one-year mortality was collected by telephone follow-up 
or by contacting the local cancer death registry. A step-wise, forward Cox proportional 
hazards analysis was performed to identify risk factors of 1-year mortality. 
Results: Four-hundred thirty-nine older patients with cancer were included in the 
analysis (60-95 years; 43.5% women), of which 119 (27.1%) were identified as 
sarcopenic. Sixty-two (52.5%) of the patients with sarcopenia compared to 108 
(35.1%) without sarcopenia died within one year of study entry. Patients without 
sarcopenia had longer survival times (291.2 days, 95% CI: 278.0-304.5 versus 244.0 
days, 95% CI: 219.2-268.7, p<0.001). Advanced tumour stage IV (HR=1.87; 95% CI: 
1.228-2.847; p=0.004), sarcopenia (HR=1.53; 95% CI: 1.034-2.250; p=0.033), number 
of drugs per day (HR=1.11; 95% CI: 1.057-1.170; p<0.001), Karnofsky Index 
(HR=0.98, 95% CI: 0.963-0.995; p=0.013) and tumour diagnosis (overall p=0.012) 
were significantly associated with 1-year mortality risk. Sex, age, number of 
comorbidities and involuntary 6-month weight loss ≥ 5% were not significantly 
associated with 1-year mortality risk in this study.  
Conclusion: Nearly one-third of older patients with cancer were identified as 
sarcopenic compared to 10% of the healthy, older population worldwide (1). Notably, 
sarcopenia was nearly as predictive for 1-year mortality as advanced tumour stage IV. 
This result underscores the importance of the timely identification and monitoring of 
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sarcopenia in this population and adjustment of therapy accordingly in order to 
maximise muscle mass preservation. 
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Abstract (German) 
Einleitung: Sarkopenie wurde ursprünglich als alters-assoziierter Verlust der 
Muskelmasse definiert. Neben der primären, oder alters-assoziierten Sarkopenie, 
beschreibt die sekundäre Sarkopenie den Verlust an Muskelmasse aufgrund von 
physischer Inaktivität, unzureichender Nahrungszufuhr oder Krankheit. Insbesondere 
ältere Patienten mit chronischen Erkrankungen, wie z.B. Tumorerkrankungen, haben 
dadurch ein erhöhtes Risiko eine Sarkopenie zu entwickeln. Neben den 
physiologischen altersbedingten Veränderungen sind ältere Patienten mit 
Tumorerkrankungen auch mit den physischen und metabolischen Auswirkungen der 
Krebserkrankung sowie deren Behandlung konfrontiert. Der Muskelschwund führt zu 
funktionellen Beeinträchtigungen, verminderter Lebensqualität sowie schlechtem 
klinischen Verlauf. Diese Studie untersucht die Prävalenz von Sarkopenie bei älteren 
Patienten mit Tumorerkrankungen und deren Einfluss auf 1-Jahres Mortalität. 
Methoden: Sarkopenie wurde nach den Empfehlungen der European Working Group 
on Sarcopenia in Older People (EWGSOP) definiert. Hierbei wurden die Kriterien 
verminderter Muskelmassenindex mithilfe der bioelektrischen Impedanzanalyse und 
verringerter Muskelkraft durch Messung der isometrischen Handkraft mit einem 
Dynamometer erfasst. Informationen zu 1-Jahres Mortalität wurde bei einem 
telefonischen Follow-Up oder vom lokalen Krebsregister erhoben. Eine schrittweise, 
vorwärts Cox-Regression mit proportionalen Hazards wurde durchgeführt, um 
Risikofaktoren für die 1-Jahresmortalität zu identifizieren. 
Ergebnisse: Vierhundert neun-und-dreißig ältere Patienten mit onkologischen 
Erkrankungen wurden in die Studie eingeschlossen (60-95 Jahre; 43,5% Frauen), 
davon wiesen 119 (27.1%) eine Sarkopenie auf. Zwei-und-sechzig (52,5%) der 
Patienten mit Sarkopenie im Vergleich zu 108 (35.1%) ohne Sarkopenie sind innerhalb 
eines Jahres vom Studieneinschluss verstorben. Patienten ohne Sarkopenie wiesen 
eine längere Überlebenszeit auf (291,2 Tage, 95% KI: 278,0-304,5 versus 244,0 Tage, 
95% KI: 219,2-268,7, p<0,001). Ein fortgeschrittenes Tumorstadium IV (HR=1,87; 95% 
KI: 1,228-2,847; p=0,004), Sarkopenie (HR=1,53; 95% KI: 1,034-2,250; p=0,033), 
Anzahl an Medikamenten pro Tag (HR=1,11; 95% KI: 1,057-1,170; p<0,001), 
Karnofsky Index (HR=0,98, 95% KI: 0,963-0,995; p=0,013) und Tumordiagnose 
(Gesamt-p=0,012) waren mit einen erhöhten Risiko, nach einem Jahr zu versterben, 
assoziiert. Geschlecht, Alter, Anzahl an Komorbiditäten sowie unbeabsichtigter 
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Gewichtsverlust ≥ 5% innerhalb von 6 Monaten waren in dieser Studie nicht mit dem 
Sterberisiko assoziiert. 
Schlussfolgerung: Nahezu ein Drittel der älteren Patienten mit Tumorerkrankungen 
wurden im Vergleich zu 10% der gesunden, älteren Population weltweit (1) als 
sarkopen identifiziert. Beachtenswert ist, dass Sarkopenie fast genauso prädiktiv für 
die 1-Jahres Mortalität wie ein fortgeschrittenes Tumorstadium war. Diese Ergebnisse 
unterstreichen die Bedeutung einer frühen Erfassung und kontinuierliche 
Überwachung der Sarkopenie in dieser Population sowie die entsprechende 
Anpassung der Therapie, um den Verlust an Muskelmasse zu minimieren.  
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Introduction 
In the late 1980s, it was proposed that the frequently observed decline in lean body mass 
with increasing age be termed sarcopenia (2). Since then, the topic has taken hold of the 
literature and various studies have been performed to get a grasp on this change in body 
composition and clarify its place in age and disease-related processes, including its 
functional implications and relevance (3). Despite the continuing debate on terminology 
and diagnostics, low muscle mass has been clearly linked to adverse health outcomes. 
Patients with chronic disease, particularly cancer, are at an especially high risk of muscle 
mass depletion which further impedes therapy and reduces prognosis.  
 
The aetiology of muscle loss is multifactorial; two general categories have emerged to 
differentiate between contributing mechanisms. Primary or age-related sarcopenia 
comprises changes associated with ageing such as hormonal and neuromuscular 
changes, mitochondrial dysfunction and reduced postprandial protein synthesis that 
contribute to a reduction in muscle mass (4). Factors related to lifestyle, including physical 
inactivity and inadequate dietary intake, as well as disease-related factors, for example 
inflammation, malignancy, organ failure or endocrine disease and therapy such as an 
operation or chemotherapy, can also influence muscle maintenance (4). Activity, nutrition 
or disease-related sarcopenia have been referred to as secondary sarcopenia. However, 
there is clearly an overlap in the pathophysiology leading to muscle mass decline as, for 
example, in older individuals with chronic disease. 
 
One main challenge surrounding the topic of sarcopenia has been finding a common 
clinical definition and diagnostic criteria with which to provide clinicians and researchers 
common ground on which to base treatment plans and goals as well as study designs 
with regard to sarcopenia. To this end, working groups have been formed with the goal 
of establishing consensus, including the Sarcopenia and Frailty Research Special Interest 
Group (SIG), European Working Group on Sarcopenia in Older People (EWGSOP), 
International Working Group on Sarcopenia (IWGS) and Asian Working Group for 
Sarcopenia (AWGS). EWGSOP, for example, published a consensus definition in 2010 
and described sarcopenia as “a syndrome characterised by progressive and generalised 
loss of skeletal muscle mass and strength with a risk of adverse outcomes ...” (5). 
Accordingly, they recommended the presence of both low muscle mass and function – in 
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the form of low muscle strength or performance – to diagnose sarcopenia. In addition to 
distinguishing between primary and secondary sarcopenia, a staging in presarcopenia, 
sarcopenia and severe sarcopenia serves to reflect the severity of the condition and aid 
in clinical management. Based on the scientific and clinical evidence gained since 2010, 
an updated definition, EWGSOP2, was published in October 2018 (6). With the 
recognition that muscle strength is a better predictor of adverse outcomes than muscle 
mass, the EWGSOP2 definition regards low muscle strength as the primary diagnostic 
parameter of sarcopenia. The presence of low muscle quantity or quality should confirm 
the diagnosis and concomitant low physical performance indicates severity. Lastly, they 
suggest the identification of sarcopenia as an acute or chronic state (6).  
 
Loss of skeletal muscle is associated with impaired physical function and poor prognosis. 
Individuals with sarcopenia are less able to perform daily activities (7) and have an 
increased risk of falls (8, 9). A reduction in muscle mass also influences metabolic 
processes leading, for example, to insulin resistance and altered myokine production (10-
12). Ultimately, sarcopenia leads not only to a reduction in quality of life and increased 
morbidity but also increased mortality (13, 14). Furthermore, the corresponding increase 
in health care utilisation and costs, especially in light of the demographic change of an 
ageing population, cannot be neglected. We recently published a short review providing 
a summary on the financial impact of sarcopenia in different medical areas (15). 
Regardless of the diagnostic criteria (low muscle mass alone or with low strength and/or 
performance) and setting, direct and indirect health care costs were increased for patients 
with sarcopenia. Thus preventative and early treatment of muscle mass depletion could 
not only lead to improved clinical outcome but also reduce health care expenditure. 
 
The worldwide prevalence of sarcopenia in healthy adults aged over 60 lies at 10% (1) 
and increases to 25% and higher in older, hospitalised populations (16, 17), depending 
on the diagnostic criteria used. Particularly in patients with chronic disease, the presence 
of sarcopenia poses an increased risk of complications and increases the challenge of 
determining suitable and effective treatment, especially when sarcopenia is unidentified. 
Sarcopenia has gained interest in several chronic diseases, in which loss of muscle mass 
frequently occurs, such as cardiovascular disease (18), renal disease (19), rheumatic 
disease (14, 20) and cancer (21). In systemic sclerosis, for example, a relatively rare, 
immune-mediated rheumatic disease characterised by dysfunctional or dysregulated 
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connective tissue repair (22), we found that nearly every fourth patient had sarcopenia 
(22.5%)(14). Although the mean age in this study was approximately 60 years, the 
prevalence is comparable to that found in hospitalised 80-year-old patients (25%)(16). 
Patients with sarcopenia had lower muscle strength and reported higher impairment in 
physical function than patients without sarcopenia, adding a considerable burden and 
challenge to activities in daily life to this already debilitating disease. 
Patients with cancer disease are confronted with a number of factors that negatively affect 
muscle mass and strength, for example a reduction in physical activity and effects of 
cancer treatment, which frequently exacerbates skeletal muscle mass depletion (23, 24) 
and negatively affects nutritional intake due to symptoms like nausea and anorexia (25, 
26). Furthermore, the biochemical processes involved in cancer cachexia, a complex 
syndrome characterised by abnormal metabolism and negative energy balance resulting 
in loss of muscle mass with or without loss of fat mass (27, 28), contribute to a catabolic 
state. Conversely, low muscle mass in cancer patients negatively impacts therapy 
tolerance and prognosis. A number of studies have shown an association between low 
muscle mass and increased risk of dose-limiting toxicities during chemotherapy (29, 30) 
or increased complications and length of hospital stay after tumour resection (31, 32). 
 
In the study presented in this work, we aimed to assess the prevalence of sarcopenia, 
defined as low skeletal mass and muscle strength, and its impact on 1-year mortality in 
older patients with cancer. 
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Methods 
Study population: 
Patients admitted to the Charité University hospital for cancer treatment or staging were 
included in the study and patients 60 years and older were included for the post hoc 
analysis. Exclusion criteria included participation in intervention or drug trials, implanted 
pacemakers or defibrillators, neuromuscular degenerative disease, hemiplegia, severe 
arthritis of the extremities, cognitive impairment and lack of German language skills. The 
study was approved by the ethics committee of the Charité University hospital and 
patients gave written informed consent.  
In addition to standard demographic characteristics and clinical data, information on date 
of tumour diagnosis, location and stage (UICC classification: Union Internationale Contre 
le Cancer; stages I to IV (advanced)) as well as treatment type were recorded. 
The Karnofsky Performance Index was used to evaluate well-being, disease symptoms 
and functional impairment. On a scale of 0 to 100, low values indicate the need for hospital 
care and poor prognosis. 
Information on one-year mortality was collected by telephone follow-up or by contacting 
the local cancer death registry, which only transmitted date of death. 
 
Anthropometry and body composition analysis: 
Weight (seca 910 portable electronic scale, max. 200 kg ± 100 g, seca GmbH, Hamburg, 
Germany) and height (telescopic measuring rod, seca 220, seca GmbH, range: 60-200 
cm) to the nearest 0.1 kg and 0.1 cm, respectively, were measured in a standardised 
manner. Body mass index (BMI) was calculated as weight (kg)/height (m)2. Changes in 
body weight in the previous six months, as reported from the patient, were documented. 
 
Body composition was estimated using bioelectric impedance analysis (BIA) under 
standard conditions as recommended by the manufacturer. According to the tetrapolar 
approach, an alternating current of 800 μA at 50 kHz was applied over electrodes on the 
dorsal side of the hand and foot on the dominant side of the body (Nutriguard M and 
Ag/AgCl Bianostic AT electrodes, Data-Input GmbH, Darmstadt, Germany). Skeletal 
muscle mass was calculated using physical (weight and height) and raw impedance 
parameters (resistance (R) and reactance (Xc)) in the equation from Janssen et al. (33). 
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Muscle strength was measured as maximum isometric hand grip strength (kg) in the non-
dominant hand (JAMAR® dynamometer, Sammons Preston Roylan, Bolingbrook, 
Illinois). From a seated position and with the elbow flexed to 90°, forearm and wrist in a 
neutral position, the highest value of three repetitions was recorded. 
 
Sarcopenia: 
The diagnostic criteria and cut-off values recommended by EWGSOP were applied (5). 
Patients were characterised as sarcopenic when both low skeletal muscle index and low 
hand grip strength were present. The cut-off values for skeletal muscle index were < 10.75 
kg/m2 for men and < 6.75 kg/m2 for women, based on a reference group of individuals 60 




The data were analysed using the statistics program IBM SPSS Statistics Version 23. 
Continuous variables (age, body composition and strength variables, Karnofsky 
Performance Index, number of drugs and comorbidities) were presented as mean and 
standard deviation, while nominal variables (presence of sarcopenia, tumour stage and 
diagnosis category) were presented as percent values. 
The student’s t-test and the chi-squared test for continuous and nominal variables, 
respectively, were applied for comparisons between patients with and without sarcopenia.  
Risk factors of 1-year mortality were evaluated by means of a forward, stepwise Cox 
proportional hazards regression analysis. Survival time was represented by the number 
of days from study enrolment to 1-year follow-up; values after one year were censored. 
The following risk factors were included in the Cox regression: sex (men versus women), 
age, number of comorbidities, number of drugs per day, Karnofsky Performance Index, 
weight loss within the previous 6 months (yes versus no), tumour stage (IV versus I-III), 
tumour category (hematologic, lung, oropharynx, urogenital and other compared to 
gastrointestinal tumours) and sarcopenia (yes versus no). Data were presented with the 
hazard ratio (HR) and 95% confidence interval (95% CI). 
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Kaplan-Meier 1-year survival curves were generated and the log-rank test carried out to 
test for differences in survival distributions between patients with and without sarcopenia. 
A significance level < 5% was chosen a priori. 
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Results 
The analysis included 439 older patients (60 – 95 years; 43.5% women) with cancer. 
One-hundred nineteen (27.1%) patients had both low SMI and hand grip strength and 
were therefore characterised sarcopenic. More men (68.9% versus 51.9%, p = 0.001) 
than women were affected and patients with sarcopenia were older (71.7 ± 6.7 versus 
68.8 ± 5.8 years, p < 0.001). Patients with sarcopenia had a lower BMI (23.3 ± 3.7 versus 
25.6 ± 4.9 kg/m2, p < 0.001), experienced weight loss more often (81.3% versus 65.9%, 
p = 0.003) and reported higher weight loss (11.3 ± 7.0% versus 9.2 ± 5.8%, p = 0.008). 
Furthermore, sarcopenic patients had a higher number of comorbidities (4.4 ± 2.4 versus 
3.6 ± 2.3, p < 0.001) and number of drugs per day (6.7 ± 4.2 versus 5.1 ± 3.5, p < 0.001). 
Average disease duration (date of first diagnosis to study inclusion) was 25.0 ± 40.7 
months and 64.8% had an advanced tumour stage IV. Approximately 70% of patients 
were under active treatment; chemotherapy was the most common (56%). Disease 
duration, tumour stage and treatment type did not differ between patients with and without 
sarcopenia. 
 
One-hundred seventy patients (38.7%) died within one year of study inclusion. With 
regard to tumour diagnosis, most patients who died within one year were in the category 
other (68.2%) or lung tumours (51.5%) compared to patients who died with 
gastrointestinal tumours (40.3%, p = 0.004). Overall, more patients with sarcopenia than 
without (62 (52.5%) versus 108 (35.1%), p = 0.001) died within one year of study entry. 
Advanced tumour stage IV (HR 1.87, 95% CI: 1.228 – 2.847, p = 0.004), sarcopenia (HR 
1.53, 95% CI: 1.034 – 2.250, p = 0.033), number of drugs per day (HR 1.11, 95% CI: 
1.057 – 1.170, p < 0.001), Karnofsky Performance Index (HR 0.98, 95% CI: 0.963 – 0.995, 
p = 0.013) and tumour diagnosis category (overall p = 0.012) emerged as significant risk 
factors for 1-year mortality. 
 
The survival distributions were significantly different between patients with and without 
sarcopenia (Χ2 = 12.879, p < 0.001). Patients without sarcopenia had longer survival 
times (291.2 days; 95% CI: 278.0 – 304.5 versus 244.0 days; 95% CI: 219.2 –268.7). 
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Discussion 
Using a definition for age-related sarcopenia, we found that nearly 30% of our study 
population of older patients with cancer were sarcopenic. This is comparable to the 
prevalence reported in mixed, older, hospitalised populations using the same diagnostic 
criteria (16, 17). Patients identified as sarcopenic were older, more often male, had a 
lower BMI and had experienced higher and more often weight loss. They also reported 
higher functional impairment, more comorbidities and a higher number of medications. 
Notably, the presence of sarcopenia was nearly as strong a predictor of 1-year mortality 
as advanced disease stage. 
 
Older patients with cancer are particularly vulnerable to a loss in muscle mass. In addition 
to the increased risk of muscle depletion due to age-related processes, the cancer and 
cancer treatment-related processes described above further increase this risk and 
accelerate the loss of muscle (23, 24). This, in turn, contributes to poor therapy tolerance 
(29, 30), increased complications and increased length of hospital stay (31, 32). Thus, 
older patients with cancer experience a double blow on tissue maintenance with age-
related sarcopenia on the one side and cancer cachexia on the other.  
However, it is virtually impossible to disentangle the effects of age-related sarcopenia 
versus cachexia especially when looking at older patients with cancer (36). As with 
sarcopenia, the definition and diagnostic criteria for cachexia have evolved over the years 
and include a combination of significant weight loss, low BMI, and low muscle mass (37). 
Thus, the criteria overlap with those for sarcopenia such that patients with cachexia are 
often also sarcopenic (5, 37).  
The overlap of sarcopenia and cancer cachexia can be seen in our results. On the one 
hand, our population was 60 to 95 years old and patients with sarcopenia were older than 
those without (71.7 ± 6.7 versus 68.8 ± 5.8 years, p < 0.001). On the other hand, weight 
loss was more common in sarcopenic than non-sarcopenic patients (81.3% versus 
65.9%, p = 0.003) and sarcopenic patients lost more weight than non-sarcopenic patients 
(11.3 ± 7.0% versus 9.2 ± 5.8%, p = 0.008). However, the number of patients with stage 
IV disease was comparable between sarcopenic and non-sarcopenic patients (63.9% vs. 
65.2%) and tumour as well as treatment type did not differ between patients with and 
without sarcopenia. 
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It is arguable that whether the loss of muscle mass is due to sarcopenia or cancer-
cachexia has implications on treatment and treatment success. Unfortunately, in this 
study population, with the knowledge we have at this point in time, it is not possible to 
determine the aetiology of muscle loss on an individual basis. Therefore, a holistic 
approach including individualised cancer treatment as well as physical and nutritional 
therapy must be applied (38). 
 
While all existing definitions and criteria include some combination of the three 
characteristics muscle mass, muscle strength and physical performance, discussion 
remains on which method and which cut-off values to use. Various established methods 
enable the quantification of these parameters and various cut-off values from different 
populations have been developed and proposed. The most common methods to assess 
muscle mass and strength are briefly discussed below. 
Muscle mass is typically assessed as total body skeletal muscle mass, appendicular 
skeletal muscle mass or cross-sectional area of specific muscle groups or body locations. 
The accurate, precise and clinically feasible quantification of muscle mass remains a 
challenge. Computer tomography (CT) and magnetic resonance imaging (MRI) are 
known as gold standard imaging techniques that can be used for body composition 
analysis (39). The cross-sectional muscle area at the third lumbar vertebra or of the mid-
thigh muscle with CT or MRI have been shown to correlate with whole-body muscle (40, 
41). In cancer patients, where CT is used to image tumours, images are commonly also 
used to evaluate body composition; however, high costs for equipment and trained 
personnel as well as radiation exposure limit their use for whole-body measures in routine 
clinical practice. Currently, CT and MRI for the quantification of muscle mass are still 
limited to areas in which they are part of standard treatment or to research studies but 
they may play a larger role in the future with regard to sarcopenia diagnosis (39). Dual 
energy X-ray absorptiometry (DXA) is considered a good alternative for low-radiation 
whole-body scans (39). However, in contrast to CT and MRI, intramuscular fat as a 
measure of muscle quality cannot be accessed by DXA (39). Furthermore, the lack of 
portability and requirement of trained personnel also limit widespread use. For use in 
hospitals, a safe and inexpensive bedside method is required to allow large scale 
screening and assessment. Bioimpedance analysis (BIA) represents an inexpensive and 
easy to use alternative with the strong advantage of being transportable, thus making it 
suitable as a bedside method in the clinic as well as community setting. Practicality has 
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contributed to its widespread use (6). BIA indirectly estimates lean body muscle mass 
based on whole-body resistance to an applied alternating current. The total resistance, 
or impedance, arises from the combination of ohmic resistance (R) and reactance (Xc). 
These raw values are put into BIA prediction equations to determine body composition 
parameters. BIA estimations of lean body mass have been validated with MRI and DXA 
measures of lean mass (33, 42). 
Potential future methods to assess muscle mass but which still require adjustment for use 
in clinical settings and/or validation include creatine dilution test and ultrasound as well 
as the use of biomarkers to identify individuals at-risk and aid in monitoring (6). 
While hand grip strength and knee extension strength are both used to measure muscle 
strength, the most common and applicable method is maximum isometric hand grip 
strength (39). With the use of a dynamometer, this method is inexpensive, portable and 
easy to use and therefore well-suited for routine clinical practice and community 
healthcare. Under standard conditions, low hand grip strength has been shown to predict 
poor outcome such as increased hospital stays and functional limitations, low quality of 
life and mortality (43). As with measures of muscle mass, appropriate reference values 
are critical in the evaluation of hand grip strength.  
 
In conclusion, this age and disease-related phenotype of low muscle mass and strength 
strongly increased the risk of mortality in this population of older patients with cancer. In 
light of the detrimental effects of muscle mass depletion on prognosis in these patients, 
continued assessment in the changing course of the disease is necessary in order to 
provide the best support and treatment. Incorporating screening tools for low muscle 
mass and strength will identify patients at risk and, importantly, the identification of low 
muscle mass and strength is possible with simple, cost-effective bedside methods.  
Cancer-specific as well as nutritional and physical therapy should all be considered to 
conserve muscle mass and strength in order to achieve optimum outcome. 
Discussion  15 
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